This protocol details methods for the isolation of oocyte nuclear envelopes (NEs) from the African clawed toad Xenopus laevis, immunogold labeling of component proteins and subsequent visualization by field-emission scanning electron microscopy (FESEM) and transmission electron microscopy (TEM). This procedure involves the initial removal of the ovaries from mature female X. laevis, the dissection of individual oocytes, then the manual isolation of the giant nucleus and subsequent preparation for high-resolution visualization. Unlike light microscopy, and its derivative technologies, electron microscopy enables 3-5 nm resolution of nuclear structures, thereby giving unrivalled opportunities for investigation and immunological characterization in situ of nuclear structures and their structural associations. There are a number of stages where samples can be stored, although we recommend that this protocol take no longer than 2 d. Samples processed for FESEM can be stored for weeks under vacuum, allowing considerable time for image acquisition.
INTRODUCTION
Biological material derived from the amphibian Xenopus laevis has been used for decades as an experimental system for the elucidation and characterization of complex cellular events and structures. Study of nuclear structures and dynamics often involves the visualization of protein localization and distribution by conventional direct or indirect immunofluorescence. However, these studies, by their nature, give only limited information on the structural context in which these proteins and complexes are found. Therefore, our laboratory has focused on optimizing protocols for the isolation and high-resolution visualization of oocyte nuclei, nuclei formed in vitro and nuclei derived from both yeast and tissue culture cells [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Detailed protocols for the visualization of nuclei formed in cell-free extracts of Xenopus eggs and tissue culture cell nuclei 13, 14 can be found in separate manuscripts available at http://www.natureprotocols.com.
The application of field-emission scanning electron microscopy (FESEM) and transmission electron microscopy (TEM) for highresolution visualization of biological specimens has revealed the 3D structure of macromolecular assemblies such as nuclear pore complexes (NPCs) that mediate the essential, highly dynamic process of nucleo-cytoplasmic transport.
The giant nucleus of Xenopus oocytes (often referred to as the germinal vesicle) is a valuable source of material for visualization and study of nuclear structures at high resolutions, specifically by FESEM and TEM. FESEM yields highly detailed visual information about the surface topology of the sample and is especially useful for determining and examining the structural microenvironment in which specific macromolecular complexes are found. In contrast, TEM involves the sectioning of samples that allows the visualization of internal structures often obscured and thus unavailable for FESEM imaging. However, such sample sectioning generates only a 2D image of the sample, although 3D images of the sample can be generated from serial sectioning and image reconstitution using appropriate computer software (e.g., Reconstruc 15 ). The nuclei of Xenopus oocytes can be manually dissected and are a rich source of NPCs with approximately 50 million NPCs per nucleus, in contrast to approximately 5,000 in the nuclear envelope (NE) of a somatic cell nucleus. These oocyte nuclei have proved to be important in determining the component structures of the NPC and their associations with the NE and underlying nuclear lamina [4] [5] [6] .
Interestingly, comparative 3D cryo-EM mapping studies of the yeast and vertebrate NPC has revealed a striking conservation in structure 3 , thereby supporting the cross-species validity of the ultrastructural data generated by high-resolution visualization of Xenopus oocyte NPCs. The use of immunogold labeling of defined proteins and protein domains with polyclonal or monoclonal antibodies has yielded a wealth of information on the location of individual proteins within the NPC, their topology and the modular NPC structures they are part of (e.g., the localization of nup153 (ref. 9), nup214 and nup358/RanBP2 (ref. 10)). FESEM allows the visualization of only surface morphologies; however, due to the relatively large size of oocyte nuclei (approximately 4-600 mm in diameter), it has been possible to visualize the nuclear interior. Kiseleva et al. 8 revealed that NPCs are connected by an intra-nuclear actin-dependent filament network that also interacts with Cajal bodies and, to a lesser extent, chromatin. The large amphibian nucleus contains relatively little peripheral chromatin compared with somatic nuclei and, therefore, is ideal for visual investigation p u o r G g n i h s i l b u P e r u t a Nof internal filamentous structures that would otherwise be obscured by chromosomes. In addition, oocyte nuclei are highly active for transcription and nucleocytoplasmic transport and are relatively easy to use in microinjection procedures for intranuclear addition of exogenous compounds or DNA or RNA constructs.
Here, we detail methods for the visualization of amphibian oocyte nuclei from the removal of the oocytes from the source animal, through the manual dissection of the giant nuclei and then the processing of these nuclei for SEM and TEM with immunogold labeling of component proteins.
MATERIALS

REAGENTS
. Acetone (VWR International) . Argon cylinder, high purity greater than 99.999% (Air Liquide) ! CAUTION Cylinders should be fitted by suitably trained staff.
. Ringers A (see REAGENT SETUP) . Ringers B (see REAGENT SETUP) . Amphibian Ringers (see REAGENT SETUP) . Calcium chloride (Sigma-Aldrich, cat. no. C3306) (see REAGENT SETUP) . CO . BSA (Sigma-Aldrich, cat. no. A7030) (see REAGENT SETUP) . Fish skin gelatin (Sigma-Aldrich, cat. no. G7765) (see REAGENT SETUP) . Gly (Sigma-Aldrich, cat. no. G7403) (see REAGENT SETUP) . Paraformaldehyde . Dissecting needle (VWR International) . Fine glass needles (see EQUIPMENT SETUP) . Disposable Lead citrate Weigh lead nitrate 1.33 g, and citric acid trisodium salt 1.76 g. Place in empty 50-ml flask, add 30 ml water, shake for 1 min, allow to stand for 30 min. Add 8 ml of 1 M sodium hydroxide then add water to make total 50 ml. Alternatively, add 1-2 pellets of sodium hydroxide and shake until clear then top up to 50 ml. It is not necessary to allow to stand for 30 min with second method. Store at 4 1C for as long as the solution remains clear. EQUIPMENT SETUP Coating unit Attach argon cylinder and set up to sputter chromium. Further details can be found in ref. 1 . Critical point dryer Attach liquid CO 2 cylinder. Follow manufacturer's instructions for use. Fine glass needles Prepare from a Pasteur pipette drawn out over a Bunsen flame. The optimal diameter is 0.025 mm (Fig. 1) Fine glass pipette Prepare from a Pasteur pipette drawn out over a Bunsen flame. The optimum diameter is 0.5 mm ( Fig. 2; top Fig. 4 ). Use no. 5 tweezers to manipulate the oocytes (Supplementary Video 1 online).
4|
Pierce the oocyte with a dissecting needle, avoiding the center of the dark hemisphere where the nucleus is located. The nucleus, visible as a transparent sphere, will be extruded with the cytoplasm (Supplementary Video 1) . ? TROUBLESHOOTING 5| Clean the nucleus of excess cytoplasm by pipetting carefully up and down in a fine glass pipette that has an internal diameter slightly larger than the nucleus (Supplementary Video 1) . m CRITICAL STEP Do not allow any air bubbles to touch the nucleus, or else it will lyse and disappear. ? TROUBLESHOOTING 6| For FESEM, carefully transfer the nucleus to a silicon chip (shiny side) in fresh 5:1/HEPES buffer in an adjacent Petri dish (Supplementary Video 1). For TEM, transfer the nucleus to 35-mm tissue culture Petri dishes. ? TROUBLESHOOTING 7| Allow the nucleus to settle. It will attach to the surface of the chip (or Petri dish) within a few seconds. Pipette the buffer against the nucleus very gently to remove any remaining cytoplasm. Carefully break open the nucleus using fine glass needles and continue to pipette the buffer against the NE to remove the nuclear contents. The envelope will attach to the chip (or Petri dish). Use the fine glass needles to further spread and affix the envelope (Supplementary Video 1) . m CRITICAL STEP With practice, it will be possible to attach more than one NE to each chip, but one per chip is advisable for beginners. m CRITICAL STEP Ensure that there is sufficient buffer above the NE, and cover the dish with its lid to prevent the envelope from drying out. ' PAUSE POINT Store NEs at room temperature (approximately 20 1C) until a sufficient number has been processed. ? TROUBLESHOOTING 8| Repeat Steps 4-7 until the required number of NEs have been obtained. At least two envelopes per subsequent treatment up to a maximum of 16 chips would be a reasonable number to process at one time. If immunolabeling is required, follow the protocol outlined in Box 1 (Fig. 5 ) before proceeding to Step 9. Otherwise, continue immediately with Step 9. 9| Transfer the chip with NE (quickly without air drying) to a 0.5-ml tube containing fixative (2% glutaraldehyde, 0.2% tannic acid in 100 mM HEPES, pH 7.4). NEs attached to Petri dishes should be fixed in situ and subsequent steps carried out within the Petri dish. It is helpful to mark the position of the envelope by circling the area with the writing diamond. Fix for a minimum of 10 min at room temperature (approximately 20 1C). This fixative has been optimized for visualization of NPC ultrastructure by FESEM and also works well for TEM. m CRITICAL STEP For the following steps, use no. 3 tweezers to transfer chips manually into a Petri dish containing the appropriate reagent. For envelopes attached to Petri dishes, washes are added directly. Keep the NE upward. Do not allow to dry out at any point. ' PAUSE POINT Store in fixative at 4 1C for up to 1 week.
10| Wash briefly in dH 2 O.
11| Post fix in aqueous 1% osmium tetroxide for 10 min. Osmium preserves lipid and phospholipid content and also enhances contrast in the specimen.
12| Wash briefly in dH 2 O.
13| Stain for 10 min in 1% aqueous uranyl acetate. This stains nucleic acids and proteins. ' PAUSE POINT Samples can be stored under vacuum for several months. (iv) Visualize by high-resolution SEM (Fig. 6a-f) .
' PAUSE POINT Store samples under vacuum for optimal preservation. They should last for several months and can be recoated with chromium if required.
? TROUBLESHOOTING (B) Processing for TEM (i) Dehydrate samples with one part resin to two parts ethanol for 1 h.
(ii) Replace with two parts resin to one part ethanol for 1 h. ' PAUSE POINT Store dry grid in grid box indefinitely. (xii) Observe in the TEM (Fig. 7) .
? TROUBLESHOOTING
TIMING
Isolation of ovary:
Step 1, 1-2 h Preparation of NEs: Steps 2-7, 2-6 h (depending on number of envelopes required) Immunolabeling (optional):
Step 8, 4 h or overnight (Box 1) Fixation and washes: Steps 9-13, 40 min Processing for FESEM:
Step 14A(i-ii), 40 min;
Step 14A(iii) approximately 1 h (depending on the coating system used and time required to achieve correct vacuum);
Step 14A(iv) image acquisition depends on the number of samples Processing for TEM:
Step 14B(i-iv), 8-24 h;
Step 14B(v), 48 h;
Step 14B(vi-xi) depends on the number of samples;
Step 14B(xii), image acquisition, depends on number of samples.
? TROUBLESHOOTING Troubleshooting advice can be found in Table 1 . 
ANTICIPATED RESULTS
It is critical to ensure that the starting material for this protocol is of the highest standard, as this will have the single largest influence on the quality of images that can be captured by either FESEM or TEM. Therefore, it is essential to ensure that animals are kept appropriately. Figure 6 shows several representative images of an isolated and 'spread' oocyte nucleus, indicating the high density of NPCs within the NE and the macromolecular structural components of both the nucleoplasmic and cytoplasmic faces of the NPC. When immunogold labeling specific proteins and protein domains, the secondary electron image (e.g., Fig. 6d-f) is acquired simultaneously and is in exact register with the backscatter image. Consequently, it is straightforward to superimpose the location of the gold particles (via imaging software) as shown in Figure 6e and f. When visualizing gold-labeled samples by TEM (Fig. 7) , it is important to determine the plane of sectioning to aid orientation and interpretation of the images generated. 
